The application of queueing theory to alleviate a serious congestion problem in a University Outpatient Clinic is described in this paper. The primary objective of the application was to determine, using minimization of cost (both waiting and service) as the measure of performance, the optimal number of servers that should be at the patient-personnel encounter points which had major bottlenecks. The recommendations were implemented, resulting in a substantial reduction of waiting time for patients.
The problem of congestion is encountered in almost all health institutions in Nigeria. While in some cases the congestion is due to both inadequate staff and faulty operational policies, in some others, it is primarily due to inadequate staff alone. This paper reports a study of the latter case at some patient-personnel encounter points. The prime objective of the study was to analyse the observed congestion problem with a view to determining the optimal number of workers necessary at points where bottlenecks existed in the centre. The recommendations that emerged from the study have been implemented. Jaja Health Centre of the University of Ibadan, Nigeria was established in 1948 to cater to less than 500 people including students and staff. It later went through many expansion programmes as a result of the increasing population of staff and students. For example, while there was one staff nurse in 1948, the staff strength of the centre rose to almost 200 (including nurses, doctors, technical and clerical workers) by 1980.
In spite of expansions, queue situations of varying degrees of seriousness are still prevalent at most patient-personnel encounter points of the clinic. As will be explained later, this study is limited to the queueing situations in the three most critical points-the Consultation, the Pharmacy, and the Injection Room areas.
The centre
The Health Centre provides a free general practitioner service to staff, students (while in residence), staff children, and wives. Consultant services and hospital care are also available at the University College Hospital. The centre has 18 beds for the treatment and isolation of student patients. The Health Centre is open daily for consultations at the specified times and later, sisters are on duty to receive and treat emergencies. A doctor can be summoned by telephone when required. At the time of this study there were 9 doctors supported by 16 nursing sisters, three qualified pharmacists, laboratory staff, and other medical auxiliary personnel.
This study focussed on the activities of the centre during the normal working hours (8.00 a.m. to 1 p.m.) and during week days, from Monday to Saturday. Thus, not all the personnel mix above were involved. The analysis has also been restricted to the provision of outpatient services which is the primary objective of the centre.
The outpatient activities of the centre have been increasing over years with increase in the number of students and staff. The total cases attended to in the 1973-74 academic year which was 1,45,000 rose to over 1,75,000 in 1976-77 and by 1980-81, the projected number was nothing less than 2,50,000. Given this magnitude in the case increase over time, with no corresponding increase in staff size, it is not surprising that the centre would have been having queueing problem.
•At the time of study, there were four major types of patients flow through the system as indicated by A, B, C, and D in Figure 1 . 
Flow pattern D
This is entirely different from the previous flow patterns. In this, the patient goes directly from outside the system to receive injection and/or dressing. This pattern is for those who have followed A, B, and C patterns bofore and now have to follow up to complete whatever the doctor's initial prescription and medication might have been.
It is important to add that flow patterns A, B, and C were applicable to almost 96 per cent of the patients observed during the study period.
At the centre, great queueing problems existed at the consultation, dispensary or pharmacy, and injection waiting areas with differing intensity. The service at the consultation room precedes that of both the dispensary and the injection rooms. There were five doctors seeing the patients and releasing them to the next waiting area(s), at the pharmacy and/or the injection room where there are only two effective servers. Thus the waiting time at either place will be more than at the consultation area.
Though there were always 6 doctors on duty during the time of observation, only five could be deemed to be effectively involved in rendering medical services. The sixth doctor, the Director of the centre, was busy with administrative and general functions most of the time and seldom rendered medical services.
Again, there were up to four workers in the pharmacy during any of the observation period. However, the design of the pharmacy was such that there were only two counters from where the waiting patients could collect drugs. Thus, two servers stayed permanently at the counters directly attending to the patients while the remaining two were busy getting drugs from the shelves and packing them in envelopes. For this reason, we have regarded the number of servers (channels) at the pharmacy as four because the service time distribution is undoubtedly related to the number of servers in the pharmacy other than those at the counters.
Methodology
The data used in this paper were collected over a two-week period. Before full data collection was embarked upon, some observations were made of the system to determine when and where in the patient-personnel encounter points the congestion problem was most acute. It was found to be most severe in the consultation waiting room on Mondays and Thursdays and lowest on Wednesdays and Fridays. At the dispensary, congestion was prevalent throughout the week but it was most acute on Tuesdays. In the injection' room, the peak was on Saturday. Thus, it can be seen that, although most patients left the consultation room for the pharmacy, the days with most congestion in the two places differed. This was probably due to the fact that the pharmacy staff allowed patients to deposit their prescriptions and collect them the next day. Thus, most patients who felt that their ailments were not all that serious were always willing to wait till the following day before collecting their prescription or medication. This partly explained why although Monday was usually a day of long queues at the consultation area, Tuesday was the most terrible day at the pharmacy.
In order to take account of the peak periods of queues, the days selected for observations were as follows:
1) Monday and Wednesday-consultation section; 2) Tuesday-dispensary; and 3) Wednesday and Saturday-injection room. We also made sure that data were collected on lecture free days to minimize the tendencies of either lecturers or students who were sick not to attend the centre because of lectures, etc.
Special formats were designed for the data collection. Observations were made at the three critical bottleneck problem points. In the consultation area, as soon as a patient arrived in the waiting area, he was given a numbered card which bore his identification number and the service channel he chose or to which he was assigned. The time of arrival was immediately recorded. As soon as a patient in any "channel" was about to enter the doctor's room for service, his time of entry was recorded on the card and he was requested to return the card while leaving the doctor's room. This enabled us to determine the time of exit from the doctor's room. Following this procedure, the time of arrival, waiting time, and the service time, among others were determined. Similar methods of observation and recording were adopted in the pharmacy and the injection room also.
From the data so collected on all patients, it was easy to determine the arrival pattern and its distribution. The arrival panern at each of the three points was generally random. It is pertinent to mention, however, that in the case of the consultation area, arrival followed the bulky panern rather than the single pattern.
For arrivals, 15-minute time interval was used in recording the number of arrivals into the three critical areas. The data collected on arrival pattern into the three areas fined well with the Poisson distribution. The mean arrival rates (per hour) were 40, 27, and 10 for the consultation, pharmacy, and injection sections respectively. The inter-arrival distribution for the sections is presented in Table 1 and it was found to be negative exponential in all the cases. Table 2 contains the data collected on the service time distributions at the three points. The corresponding diagrams are in Figures 2,  3 , and 4. We again tested and confirmed that the service time has negative exponential distribution at each of the three points. From the summaries of the data collected and presented, it is clear that the conventional queueing-theoretic framework can be used to analyse the bottleneck problem at each of the congestion points, keeping in view that each point had multiple and parallel servicing channels. 
Data analysis and results
The multiple server, single phase queueing model was adopted to analyse the queueing situation at each of the three points with the number of servers being five, four, and two for the consultation room, pharmacy, and injection room respectively. The following table presents a summary -of the mean arrival and service rates per hour. the objective in queueing analysis should not be merely to remove or reduce bottlenecks but to do so at minimum cost. The total cost function is: TC = C, + Z.C W where C, = cost of maintaining service channels C w = cost of waiting C = number of servers, and L = average number of patients in the system
In obtaining the average cost of service for the consultation area, the total salaries of the five doctors were added and divided by their number. The result of this was further reduced to cost per hour. This came to N 0.55/hour. It was more difficult to estimate waiting cost (which is best determined in terms of the opportunity cost of staying in a queue). In order to get as accurate an estimate as possible, the total number of staff/dependent, student, intermediate staff, junior staff, and their dependents was obtained with the necessary breakdown. The average salary of the senior staff that attended worked out to N 7,404 per annum or N 0.85 per/hour.
For convenience, students were generally classified as intermediate staff with an average annual salary of N 2,832 or N 0.32/hour. In the case of junior staff, the average annual salary was N 1,320 which gave N 0.15/hour. By weighing the salary of each staff category according to its relative size during the time of observation, we determined the average waiting cost per patient at the consultation area as N 0.27/hour. The estimate of the waiting cost per patient at the pharmacy was also about N 0.27 since almost all patients that went through one of the consultation rooms also had to go to the pharmacy. The average cost of service at the pharmacy was estimated to be N 0.32/hour. By assuming that the number of each category of patient that had to go for injection was proportional to the number of that category of patient who attended the clinic during the time of observation, the average waiting cost at the injection room was estimated to be N 0.27/ hour. The average service cost at this point was, however, estimated to be N 0.36/hour. It is important to add that the estimate was this high because the people who manned the injection rooms were highly experienced nurses. The following By using these estimates and other data collected in appropriate formulas, we were able to obtain the following results:
1. The number of servers that would mini mize the total cost of service and waiting in the consultation room is four. The total cost of this was less than when five doctors were in the area (as was the case during observa tion). However, this reduction of the number of doctors would have increased the doctor utilization rate, reduced the probability that a doctor would be idle, increased the average time spent in both the queue and the system, and increased the average number of patients both in the queue and in the system.
2. The optimal number of servers for the pharmacy was five and not four. This increase would have the reverse of the results indicat ed in 1.
3. The optimal number, in terms of cost minimization, of servers in the injection room is one instead of two. However, in spite of this result, we did realize that it might be impracticable to use only one nurse here. This stemmed from the fact that patients who came to this section for injection were both men and women, necessitating the need for separate rooms. This is a typical case where the optimality rule may be violated in the light of realism or practicability. However, with this
